Jiulongibacter sediminis gen. nov., sp. nov., a new member of the family Cytophagaceae, isolated from the surface sediment of the Jiulong River in China
A bacterial strain, designated JN14-9 T , was isolated from surface sediment of the Jiulong River and characterized in a taxonomic study using a polyphasic approach. Strain JN14-9
T was Gram-stainnegative, non-motile, rod-shaped and orange-pigmented. It can grow at 15-37 C (optimum 25-30 C), at pH 7-8 (optimum pH 7) and in 2-6 % (w/v) NaCl (optimum 3-4 %). Phylogenetic analyses based on 16S rRNA gene sequences showed that strain JN14-9
T formed an independent lineage related to the family Cytophagaceae with low 16S rRNA gene sequence similarities (<92.5 %) to members of other genera with validly published names. The principal fatty acids of strain JN14-9 T were summed feature 3 (C 16:1 !6c/C 16:1 !7c) and iso-C 15:0 . The isoprenoid quinone was identified as MK-7. The major polar lipids comprised diphosphatidylglycerol, phosphatidylethanolamine, three aminophospholipids and five unidentified phospholipids. The DNA G+C content was 41.6 mol%.
Results of phenotypic, phylogenetic and chemotaxonomic analyses clearly indicate that strain JN14-9 T represents a novel species of a new genus within the family Cytophagaceae, for which the name Jiulongibacter sediminis gen. nov., sp. nov. is proposed. The type strain of the type species is JN14-9 T (=MCCC 1A00733 T =KCTC 42153 T ).
In the course of a study on dynamic changes and adaptability of freshwater bacteria in a marine environment, an in situ incubation experiment was set up by transferring surface sediment (0-5 cm) from the Jiulong River (Fujian, China) into an enrichment-barrel and then incubating it in estuarine seawater. A number of strains were subsequently isolated and characterized, including 'Pseudobowmanella zhangzhouensis' JS7-9 (Du et al., 2015a) and Kordia zhangzhouensis JS14SB-1 T (Du et al., 2015b) . In the present study, an orange bacterium, designated JN14-9
T , was characterized taxonomically. A preliminary analysis of 16S rRNA gene sequences indicated that strain JN14-9
T was affiliated to the family Cytophagaceae. The family Cytophagaceae, proposed by Stanier (1940) , is a member of the order Cytophagales within the phylum Bacteroidetes. At the time of writing, this family comprises 30 identified genera, including the two recently established genera Fluviimonas (Sheu et al., 2013) and Lacihabitans (Joung et al., 2014) , which were isolated from diverse habitats, such as cotton-waste composts (Joung et al., 2014) , warm spring water (Saha & Chakrabarti, 2006) , soil (Liu et al., 2008) , sediment (Park et al., 2015) , and freshwater (Sheu et al., 2013) . In this study, strain JN14-9
T is identified as a novel species of a new genus in the family Cytophagaceae.
Strain JN14-9 T was isolated from surface sediment (0-5 cm) of the Jiulong River (24 20¢24 †N 117 19¢11.999 †E) (Fujian, China) in June 2013 according the previously described method (Du et al., 2015a, b) . For morphological and biochemical characterization, strain JN14-9 T was cultivated on marine agar 2216 plates (MA; BD Difco). The purified strainwas stored at À80 C in water containing 20 % (v/v) 
glycerol. Unless otherwise noted, for all characterizations described hereafter, strain JN14-9 T was grown on MA or in marine broth 2216 (MB; BD Difco) at 28 C.
Cell morphology was observed by transmission electron microscopy (JEM-1230; JEOL) ( Fig. S1 , available in the online Supplementary Material). Motility was observed by using the methods of Dong & Cai (2001) . Gram staining was performed using a Gram stain kit (Hangzhou Tianhe Microorganism Reagent Co.) according to the manufacturer's instructions. Catalase activity was determined by adding a drop of 3 % H 2 O 2 to colonies. Oxidase activity was tested for by using tetramethyl-p-phenylenediamine. Lipase (Tween 80) activity, and hydrolysis of starch, casein, gelatin, skimmed milk, urea and DNA were tested according to standard methods (Dong & Cai, 2001 ). The temperature, pH and NaCl ranges for growth were determined according to previously described methods (Lai et al., 2014) . Anaerobic growth was tested on MA in an anaerobic jar with the Anoxomat Mark II Anaerobic System (Mart Microbiology) at 28 C for 2 weeks. Determination of gliding motility was performed according to Bowman (2000) . Poly-b-hydroxybutyrate (PHB) granule accumulation was examined using light microscopy after staining of cells with Sudan black (Schlegel et al., 1970) . Determination of flexirubin-type pigments was performed using the chromatic shift test with 20 % KOH solution (Fautz & Reichenbach, 1980) . Other biochemical tests were carried out using API ZYM and API 50CH strips (bioM erieux), and the GN2 microplate (Biolog) according to the manufacturers' instructions, with the modification of adjusting the NaCl concentration to 3.0 % in all tests. The phenotypic characteristics of strain JN14-9 T are listed in Table 1 and in the genus and species descriptions.
Genomic DNA was extracted using the AxyPrep Bacterial Genomic DNA Miniprep Kit (Axygen Biosciences) according to the manufacturer's instructions. The genome sequence of strain JN14-9
T was determined by Shanghai Majorbio Bio-pharm Technology (Shanghai, China) using Solexa paired-end (500 bp library) sequencing technology, and subsequently deposited in the GenBank database. The genomic DNA G+C content of strain JN14-9
T was 41.6 mol% based on the genome sequence, which was similar to those of closely related genera (35.6-42.2 mol%) (Joung et al., 2014) . The 16S rRNA gene sequence was obtained from the genome sequence, and then deposited in the GenBank database. 16S rRNA gene sequence similarities were determined using the EzTaxon-e server (Kim et al., 2012) , and sequences of related taxa were obtained from the GenBank database. Phylogenetic trees were reconstructed using MEGA software package version 5.2.2 (Tamura et al., 2011) with three independent methods: neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-likelihood (ML) (Felsenstein, 1981) , and minimum-evolution (ME) (Rzhetsky & Nei, 1992) . Each treeing method used the same options of Kimura's two-parameter model, the combination of transitions and transversions, uniform rates, complete deletion, and bootstrap values based on 1000 replications. In addition, the ML analysis was conducted using the NearestNeighbour-Interchange (NNI) ML heuristic method and otherwise default parameters; the ME analysis was conducted using the Close-Neighbour-Interchange (CNI) ME heuristic method and otherwise default parameters.
A complete 16S rRNA gene sequence (1508 bp) of strain JN14-9 T was determined on the basis of the draft genome sequence. Strain JN14-9 T was most closely related to Laciha- . These values are significantly lower than the threshold value of 95 % that is generally used to delineate a potential new genus (Yarza et al., 2014) . Phylogenetic analyses based on 16S rRNA gene sequences showed that strain JN14-9 T formed an independent lineage related to the family Cytophagaceae in the NJ tree (Fig. 1) . The ML and ME trees were nearly identical in topology to the NJ tree, and therefore were condensed in the NJ tree.
To determine whole-cell fatty acid composition, cells of strain JN14-9 T were harvested from the third quadrants on R2A agar at 25 C. Cellular fatty acids were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. The fatty acids were then analysed by gas chromatography (6850; Agilent Technologies) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The respiratory quinone of strain JN14-9 T was determined by HPLC according to a previously reported method (Collins & Jones, 1981) . Polar lipids were extracted using a chloroform/methanol system and analysed using one-& two-dimensional TLC. Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used in two-dimensional TLC analysis, with the first solvent of chloroform/methanol/water (65 : 25 : 4, by vol.) followed by the second solvent of chloroform/methanol/acetic acid/ water (85 : 12 : 15 : 4, by vol.). Both isoprenoid quinones and polar lipids were analysed according to previously described methods (Minnikin et al., 1984) . T and type strains of all other type species of genera within the family Cytophagaceae based on 16S rRNA gene sequences. Filled circles indicate that the corresponding branches were recovered in the NJ, ML and ME trees; open circles indicate that the corresponding branches were recovered in NJ and ME trees. Roseovarius aestuarii SMK-122 T was used as an outgroup. Bootstrap values (expressed as percentages of 1000 replications) are shown at branch points. Bar, 0.05 nucleotide substitution rate (Knuc) units.
The compositions of fatty acids for strain T and other reference strains are listed in Table 2 . The major fatty acids of strain JN14-9 T were summed feature 3 (C 16:1 !6c/ C 16:1 !7c, 39.6 %) and iso-C 15:0 (31.0 %); small amounts of C 16:1 !5c (5.9 %), iso-C 17:0 3-OH (5.2 %), C 16:0 (2.6 %) and C 16:0 3-OH (2.4 %) were also present ( Table 2 ). The fatty acids profile of strain JN14-9
T was similar to those of other reference strains (Joung et al., 2014) , except for the presence of C 16:0 3-OH, summed feature 4, and C 18:0 in strain JN14-9 T and absence of them in other reference strains. The respiratory quinone of strain JN14-9
T was identified as MK-7, which was accordant with those of type strains of other closely related recognized species of the family Cytophagaceae. The polar lipids of strain JN14-9
T comprised diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), three aminophospholipids (APLs) and five unidentified phospholipids (Fig. S2) . The type strains of two type species of related genera, F. pallidilutea TQQ6
T and E. oligotrophica GPTSA100-15 T , had the same types of polar lipids which included PE, DPG, phosphatidylcholine, APL and PL (Sheu et al., 2013) . The polar lipids of Leadbetterella byssophila 4M15 T were PE, APL, PL and aminophosphoglycolipid (Weon et al., 2005) . The polar lipids of Lacihabitans soyangensis HME6675
T comprised PE, aminolipid, APL and polar lipids (Joung et al., 2014) .
It is now generally accepted that 95 % 16S rRNA gene sequence similarity has been widely used for prokaryotic genus definition (Yarza et al., 2014) . In this study, strain JN14-9
T formed an independent lineage related to the family Cytophagaceae with low 16S rRNA gene sequence similarities (<92.5 %) to members of other genera with validly published names. Moreover, strain JN14-9 T can be readily distinguished from related species by fatty acid compositions, polar lipid profile and other characteristics. Therefore, combined with phylogenetic, physiological and biochemical characteristics, strain JN14-9
T is considered to represent a novel species of a new genus in the family Cytophagaceae, for which the name Jiulongibacter sediminis gen. nov. sp. nov. is proposed.
Description of Jiulongibacter gen. nov.
Jiulongibacter (ji¢u.long.i.bacter.N.L. masc. n. bacter a rod; N.L. masc. n. Jiulongibacter a rod from the Jiulong River).
Cells are Gram-stain-negative, strictly aerobic, non-motile, rod-shaped, oxidase-and catalase-positive. Flexirubin-type Summed feature 9 † 1.5 2.6 TR TR ND †Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 9 comprises C 16:0 10-methyl/iso-C 17:1 !9c; summed feature 3 comprises C 16:1 !7c/C 16:1 !6c; Summed feature 4 comprises anteiso-C 17:1 B/iso-C 17:1 I pigments and poly-b-hydroxybutyrate are absent. The major fatty acids are summed feature 3 (C 16:1 !6c/C 16:1 !7c) and iso-C 15:0 . The major polar lipids are diphosphatidylglycerol, aminophospholipid and phosphatidylethanolamine. The respiratory quinone is MK-7. The DNA G+C content of the type strain of the type species is 41.6 mol%. The genus is a member of the family Cytophagaceae (phylum Bacteroidetes) according to 16S rRNA gene sequence analysis.
The type species is Jiulongibacter sediminis.
Description of Jiulongibacter sediminis sp. nov.
Jiulongibacter sediminis (se.di.mi¢nis. L. gen. n. sediminis of the sediment, the source of the type strain).
In addition to the characteristics listed for the genus, cells are 0.5-0.6 m in width and 2.8-3.0 m in length. Colonies are orange, circular, convex and smooth with entire margins, and approximately 2 mm in diameter on MA agar after 3 days at 28 C. Growth occurs at 15-37 C (optimum 25-30 C), at pH 7-8 (optimum pH 7) and in the presence of 2-6 % NaCl (w/v) (optimum, 3-4 %). Cannot hydrolyse starch, casein, gelatin, skimmed milk, urea or DNA. In the API ZYM tests, positive for alkaline phosphatase, esterase lipase (C 8 ), esterase (C 4 ), leucine aminopeptidase, valine aminopeptidase, cystine aminopeptidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, lipase (C 14 ) , and N-acetyl-b-glucosaminidase; weakly positive for naphthol-AS-BI-phosphoamidase; negative for a-fucosidase. In API 50CH tests, acid is produced from Larabinose, D-arabitol, i-erythritol, L-fucose, myo-inositol, D-mannitol, xylitol, pyruvic acid methyl ester, cis-aconitic acid, citric acid, formic acid, D-galactonic acid lactone, D-glucosaminic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, ghydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, malonic acid, propionic acid, quinic acid, D-saccharic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic acid, L-alaninamide, D-alanine, L-alanine, L-alanyl glycine, L-asparagine, L-aspartic acid, glycyl L-aspartic acid, L-histidine, hydroxy L-proline, L-leucine, L-ornithine, L-phenylalanine, L-pyroglutamic acid, D-serine, L-serine, L-threonine, DL-carnitine, g-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenyethylamine, putrescine, 2-aminoethanol and 2,3-butanediol. In addition to the major fatty acids listed for the genus, significant amounts of C 16:1 g5c, iso-C 17:0 3-OH, C 16:0 and C 16:0 3-OH are also present. The complete fatty acid profile of the type strain is given in Table 2 . In addition to diphosphatidylglycerol, three aminophospholipids and phosphatidylethanolamine, several unidentified phospholipids are also present.
The type strain is JN14-9 T (=MCCC 1A00733 T =KCTC 42153 T ), isolated from surface sediment of the Jiulong River in Fujian province, China. The DNA G+C content of the type strain is 41.6 mol%.
